Introduction
Cryptococcosis, formerly known as torulosis, is an opportunistic mycosis caused by members of the Cryptococcus neoformans complex. Although it has been known from the beginning of the 20th century when it occasionally affected immunocompetent humans, it has recently become more important due to its association with the human immunodefi ciency virus (HIV) epidemic. In addition, C. neoformans infections typically involve the lungs and the central nervous system (CNS), but can also affect other organs, e.g., the skin, eye, prostate and rarely, the skeletal system [1] .
Although fi rst documented in a Mexican immigrant in 1935, the literature on cryptococcal osteomyelitis is limited [2] . Since the initial presentation, approximately 90 additional cases of cryptococcal infection with bone involvement have been reported, representing 5% of all such infections [3] . We believe that this percentage is patient had a history of being struck with a stone on the same region of the skull a year earlier. A few weeks after the accident, he developed a swelling over the area involved in the accident and presented to a clinic where he was diagnosed with soft tissue infection and abscess formation. Purulent material was drained from the lesion but no cultures were prepared from this material. He received treatment with an unknown antibiotic for 7 days and the lesion apparently healed. However, 10 months later he noted a slow-growing, painless soft mass on his scalp and had one episode of fever. He was then referred to the neurosurgery department for further evaluation.
There was no known history of systemic disease and the patient denied intravenous drug use, homosexual activities, or transfusion of blood products. During physical examination, a painless, soft, well-defi ned 10 cm mass was noted in the right parietal scalp. Overlying skin appeared normal with no swelling, warmth or tenderness. (Fig. 1A ) Vital signs were normal and the rest of the physical examination, including neurological studies, was unremarkable.
X-rays of the skull revealed a 5-cm irregular osteolytic lesion over the right parietal bone. The chest X-rays failed to demonstrate any parenchymal lesions. Blood count and basic metabolic panel were unremarkable. Serology for HIV was reported as negative. Computed tomography with contrast enhancement revealed an abscess in the scalp with an underlying mass that eroded into the parietal bone and produced mild local compression (Fig. 1B) .
A needle aspiration of the mass was performed from which 30 cc of hemorrhagic-like fl uid was collected. Gram smear of the fl uid showed fi brin, scarce neutrophils but no signifi cant numbers of bacteria. However, examination of a Giemsa-stained portion of the fl uid revealed occasional yeast cells ( Fig. 2A) . Gomori Grocott ' s methenamine silver stain showed numerous round-to-oval, budding, non-encapsulated yeast cells (Fig. 2B ) Portions of the sample were then inoculated onto Saboraud dextrose and Mycosel agar (BDL).
On the next day, serum cryptococcal antigen was reported positive by latex agglutination with a titer of 1:16. Lumbar puncture was not performed because it was considered a risky procedure that would not yield any other diagnostic information.
Two days after drainage, the abscess collected again with hemorrhagic fl uid. The patient was prepared for craniotomy and surgical curettage. Surgery showed an abscess with a soft mass at its base, approximately 2 cm in diameter that eroded through the parietal bone and compromised the dura mater. The patient had an uneventful recovery after surgery.
Studies of a hematoxylin and eosin-stained decalcifi ed bone specimen revealed an infl ammatory infi ltrate and formation of granulomas compatible with a cryptococcoma. A Periodic acid Schiff (PAS)-stained bone sample showed the same granulomatous reaction with spherical PAS-positive fungi within the cytoplasm of large macrophages (Fig. 3) .
After 4 days, numerous colonies were recovered from Sabouraud agar. They were analyzed with the yeast assimilation test system API-ID32C (bioM é rieux) and identifi ed as C. neoformans isolates.
The patient received intravenous amphotericin B for 14 days and was discharged from our hospital with oral fl uconazole. He has remained asymptomatic during a 2-month follow-up period.
The occurrence of a Cryptococcus infection in an immunocompetent patient living in an endemic area raised suspicion that the isolate might be Cryptococcus gattii and consequently subcultrures were sent to the Mycotic Diseases Branch of the Centers for Disease Control and Prevention in Atlanta, Georgia for confi rmation. The isolate was cultured general, osteomyelitis due to C. neoformans has not been related to HIV infection [3, 4, 16] . Only one patient had concomitant pulmonary cryptococcal pneumonia [14] . In our patient, C. neoformans growth was probably favored by microbial selection due to early antibiotic treatment. The use of broad spectrum antibiotics is known to be one major risk factor for fungal infections, in particular for candidiasis, aspergillosis and fusariosis [17] . Prospective studies that demonstrate that previous antibiotic treatment is also a risk factor for cryptococcosis are not available but are strongly suspected.
Cryptococcal osteomyelitis in the skull develops as an insidious infection, patients having symptoms from 3 weeks to 1 year prior to diagnosis. All but three patients presented a soft exophytic mass. At presentation, half of them showed skin tenderness. In three cases, including the present report, skin lesions seemed to be the portal for direct inoculation of C. neoformans from the environment [8, 13] .
Cryptococcal osteomyelitis shares many characteristics with cutaneous cryptococcosis. Direct inoculation after trauma is a common cause, although hematogenous dissemination and spread from adjacent infection areas are also responsible of many cases of osteomyelitis. Predisposing risk factors are very similar for both entities, i.e., corticosteroid use, solid organ transplantation, diabetes mellitus and T-cell defi ciency. Treatment for both includes different combinations of surgical debridement and systemic antifungals. However, cutaneous infections have a more favorable course and immunocompetent patients with limited disease can be cured with surgical excision alone [18] .
All cases presented a similar pattern on plain skull fi lms, that is, an irregular, well defi ned, lytic lesion ranging from 2 -5 cm in diameter, sometimes showing bone sequestrum. Tomographic fi ndings correlated well with radiographs and half of them showed dura mater involvement. The only signs of CNS involvement were cortical on 3,4-dihydroxyphenylalanine (DOPA) agar where it produced melanin pigmentation which is a characteristic of members of the Cryptococcus complex and a major virulence factor. Finally, the isolate was grown on canavanine glycine bromothymol blue (CGB) agar on which the isolate failed to produce the blue halo found with C. gattii .
Discussion
Osteomyelitis of the skull is an uncommon presentation of cryptococcosis. We reviewed all the reports of similar cases available on line through MEDLINE (1963 MEDLINE ( -2010 and found 11 more instances of cryptococcal osetomyelitis of the skull (Table 1 ). The average age in this series was 50 years, (range 10 -68 years), with six patients (50%) being male. Underlying diseases were very heterogeneous but surprisingly none of the patients were HIV-positive. In enhancement and images of mild brain compression. All these features are not specifi c for Cryptococcus and other infectious etiologies (bacteria, mycobacteria and other fungi) should be considered in the differential diagnosis.
Diagnosis was accomplished in all cases through excision biopsy. In the present report, diagnosis was established after aspiration and the culture of the resulting pus or hemorrhagic fl uid. This approach is safe, simple and can be useful for diagnosing coexisting cutaneous cryptococcosis [19] . The most common lesion shared characteristics of an abscess and in four cases it was accompanied by a granuloma or ' cryptococcoma ' .
The identifi cation of the fungi recovered from the present patient was accomplished by conventional methods and culture of the isolate on DOPA agar and GCB media. Any infection with Cryptococcus spp. in an immunocompetent patient in an endemic region should always raise the suspicion that C. gattii is the etiologic agent. The differentiation between C. neoformans and C. gattii can be done reliably and at low cost using the CGB media [20] . However, the molecular characterization by DNA sequencing, even if technically challenging and expensive, is more specifi c and should be pursued.
One patient with an isolated lytic extradural lesion was treated only with surgical curettage and oral fl uconazole but lumbar puncture was not reported [9] . If cerebrospinal fl uid was sterile, this could offer a rationale for treating similar cases with fl uconazole alone and not with amphotericin B as for meningitis. This regimen is appropriate for inmunocompetent patients without cryptococcal meningitis or disseminated cryptococcosis [1] .
In this review, two of the 12 patients died during hospitalization. The fi rst patient had chronic cryptococcal meningitis and presented with advanced disease (seizures, loss of consciousness, fi xed pupils, depressed refl exes). He progressed to shock despite aggressive treatment with surgery, intravenous and intraventricular amphotericin B. The second individual had good postoperative recovery but developed nosocomial pneumonia and died 10 days later [11, 12] . Cryptococcal osteomyelitis of the skull probably has a worse outcome, with a mortality of 16% (2/12) compared to 5% (2/40) for non-skull osteomyelitis as reported by Liu in 1998 [4] . This case report is signifi cant because it is the third of osteomyelitis of the skull due to C. neoformans in an immunocompetent subject. It is also interesting because infection was not secondary to hematogenous dissemination but appeared after direct inoculation in a contaminated wound.
In conclusion, we suggest that cryptococcal osteomyelitis should be part of a differential diagnosis to be considered in an insidious growing soft mass or abscess in scalp of unclear origin, a skull mass with osteolytic lesions on imaging or a mass with histologic fi ndings compatible with granuloma. Special stains and fungal culture should be performed in all lesions that fulfi ll these criteria.
Finally future studies are suggested to assess the risk factors for C. neoformans infection in tissues other than the lungs or the CNS, and to evaluate the risk of infection in immunocompetent patients and the best treatment approach of this type of infection.
